cliNical commuNicatioN
AbstRAct
Vertical dental relapse following orthodontic treatment has been observed in growing cleft lip and palate patients who had been treated at a Cleft Centre in Kwa-Zulu Natal.
It appears that such relapse may occur in those who had had alveolar bone grafts in the cleft area and that it takes place at a time coinciding with the eruption of the maxillary canines. This communication is based on case studies of patients who presented three different types of clefts. All the grafts had been taken from the iliac crest. The observations may indicate a need for an in-depth study to investigate whether teeth erupt normally through iliac crest bone grafts in cleft patients. Confirmation of an altered eruption pattern may indicate a need for a change in retention protocol.
IntRodUctIon
Most cleft lip/ palate (CLP) patients are treated from birth to adulthood, undergoing various phases of treatment delivered by a coordinated team of many care givers. One of the most important aspects of treatment is the objective to achieve orthodontic alignment of the dentition, which has been greatly facilitated by secondary alveolar bone grafting for patients with clefts involving the maxillary alveolus. This has transformed the dental management of these patients, with bone grafting of the cleft area being effected in late childhood (i.e. during late mixed dentition, early permanent dentition). Over the years there has been a steady improvement in the bone grafting procedures leading to enhanced success of the grafts. [1] [2] [3] [4] [5] [6] [7] However, a major complication of bone grafting techniques is the resorption of the grafted bone in the cleft area, especially if there are no teeth to secure the graft. 8 Whilst the scheduling of bone grafts is quite variable and controversial, grafting in the cleft areas is normally done around the ages of 9 years to 11 years, timed to coincide with the eruption of the canine into the graft area. Various studies have indicated that the erupted canine with good periodontal support helps maintain the grafted bone. 8, 9 It is commonly believed that this supported bone allows for orthodontic tooth movement in the cleft area. 9 Today most grafts are harvested from the iliac crest. Other donor sites include the mandibular symphyseal bone and the retromolar pad area, and allografts. A study in Netherlands showed a positive outcome with mandibular symphyseal bone grafted into the cleft area, but, notably, the authors also advocated life-time fixed upper and lower retention for cleft lip/ palate patients. 10 Although most cleft lip/ palate patients are missing the maxillary lateral incisors in the cleft area, those that do in fact have these teeth can be considered for an earlier bone graft at age 6-7years. The lateral incisor should preferably be on the mesial side of the cleft. Hence, the recommended age of grafting is variable and is still very controversial.
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A search of the literature has shown no studies or research which have been undertaken of the stability of the dentition in and adjacent to the bone grafted cleft area following orthodontic treatment in young pre-pubertal and pubertal cleft lip/ palate patients. Since grafting is intended to provide bone for the successful stabilization of the dentition in the grafted area, it is warranted to evaluate cases who have received grafts to assess the degree of post treatment stability.
A series of case studies was therefore carried out on cleft lip and palate patients who had received bone grafts. These case presentations show vertical relapse or movement of the dentition adjacent to clefts which had been grafted with iliac crest bone. The type of relapse is localised to teeth adjacent to the cleft area. This appears to not have been previously reported.
obJectIve
To investigate the post-orthodontic stability of well aligned upper teeth in young cleft lip/ palate patients who had had bone grafts placed in the cleft area.
To describe and to evaluate the extent and character of any relapse and to propose suitable retention protocols, amended if necessary.
mAteRIALs And methods
The study involved an investigation of four cases which included two patients with unilateral cleft lip/ alveolus, one with a unilateral cleft lip/ palate and one with a bilateral cleft lip/ palate. These are patients from a joint private practice / public service Cleft lip/ palate Clinic in the province of Kwa Zulu Natal in South Africa. The public sector clinic is run under the auspices of the Wentworth Foundation* for Cleft lip/ palate Service, a non-Governmental Organisation (NGO). Most patients at that facility are treated from birth.
All ethical considerations have been taken into account. The necessary permission for publication of patient information has been obtained. This is a photographic evaluation which depicts and records dental changes in the post orthodontic treatment phase (i.e. retention phase). It is confined to those cleft lip/ palate patients who received bone grafts during the growing phase of life, timed to coincide with the eruption of the maxillary canine. All grafts were from the iliac crest. An outline of the active treatment phase and the passive post treatment phase (retention) is given, showing the changes in the dentition. "Debanding" of patients refers to removal of fixed braces. The patients comprised three young females and one male. All are based in Kwa Zulu Natal, South Africa.
cAse 1: UnILAteRAL cLeFt LIP ALveoLUs
This patient is a young male. He presented with a unilateral cleft lip and alveolus. The primary operation for the lip was performed at about four months of age. A first phase orthodontic treatment was commenced at the age of nine years with a removable expansion device. At that stage the patient had a supernumerary tooth in the cleft area, on the mesial side of the cleft. The lateral incisor (22) was on the distal side of the cleft (Figure 1 A, B) .
The second phase of fixed orthodontic appliances commenced when the patient was 12 years of age. A bone graft, taken from the iliac crest, was placed within three months of commencement of fixed orthodontic treatment, when the supernumerary was also extracted. Space closure began about six months after placement of the graft, the delay allowing for complete postoperative healing (Figure 2 A, B) .
On completion of fixed orthodontics at age 14 years, the patient was debanded and placed on a removable upper retainer and a lower fixed retainer (Figures 3 A, B, C) . The discrepancies in the gingival heights of teeth adjacent to the cleft was of immediate concern.
Six months into the retention phase the failure of the eruption of the teeth adjacent to the cleft became apparent (Figure 4) . The vertical relapse continued the situation deteriorated further one year into retention (Figure 5 A, B) . To prevent further relapse a fixed retainer was placed on the teeth adjacent to the cleft. This will remain in place until re-treatment at the age of 18 years to correct overbite (Figure 6 A, B) .
cliNical commuNicatioN 
> cAse 2: UnILAteRAL cLeFt LIP ALveoLUs
This patient presented, as a young female, with a unilateral cleft lip alveolus (Figure 7 A, B) . Her cleft was on the left side with the lateral incisor on the distal aspect of the cleft. Fixed orthodontic treatment was commenced at age nine and a half years. The bone graft, harvested from the iliac crest, was inserted about 12 months after initiation of the fixed appliance orthodontic treatment. No movement of the teeth into the cleft area was undertaken for some six months post-surgery to allow for the consolidation of the graft. The patient was debanded at the age of 11½ years (Figure 8 A, B) and upper removable and lower fixed retention appliances were fitted.
One year post retention, the patient presented with vertical relapse of the teeth adjacent to the cleft (Figure 9 A, B) . The patient was retreated with fixed appliances to align the upper teeth (Figure 10 A,  B) . A fixed "bond-a-braid" retainer was placed on the upper teeth across the cleft area to adjacent teeth ( Figure 11 ). The patient was advised that a third phase of orthodontic treatment could be necessary at 18 years of age. showed the presence of a supernumerary tooth on the distal aspect of the cleft and a lateral incisor on the mesial side of cleft. A preliminary phase of orthodontic treatment was started at the age of eight years with a removable expansion device (Figure 12 A, B) .
The second phase fixed orthodontics was started at the age of approximately nine years. A bone graft taken from the iliac crest was placed in the cleft area when the patient was one year into the fixed appliance orthodontic treatment ( Figure  13 A, B) . The supernumerary was actively erupted through the graft in an effort to consolidate the graft. This was unsuccessful and a second bone graft with extraction of the supernumerary was done a year later (Figure 14 A, B ).
Spaces were closed and the patient was debanded a year later (after almost 40 months of fixed orthodontic treatment). (Figure 15 A, B, C) . A removable upper retainer and a lower fixed retainer were placed. Six months into retention a failure of eruption of the teeth adjacent to the cleft could be observed (Figure 16 A, B) . Twelve months into retention the teeth adjacent to the cleft showed no signs cliNical commuNicatioN of erupting any further, with a gradual decrease in the anterior overbite (Figure 17 A, B) . Two years post-treatment the trend continued in the cleft area (Figure 18 A, B) . A fixed retainer was placed to prevent further relapse. It was decided to retreat the patient at 18 years of age to reestablish a good overbite.
cAse 4: bILAteRAL cLeFt LIP/ PALAte
This patient presented in the early mixed dentition as having a bilateral cleft lip/ palate with a Class 3 occlusion. She was missing her lateral incisors. Initial treatment was started with a removable expansion screw and progressed to fixed appliance with continued expansion (Figure 19 A,B,C,) .
A "Hyrax" expansion appliance was placed in (early permanent dentition stage) to facilitate bone grafting as the canines were erupting. An iliac crest bone graft was placed during fixed orthodontic treatment. On completion of the orthodontic treatment the patient was debanded and a removable upper retainer incorporating the missing laterals was inserted (Figure 20 A 
ResULts
It is evident in all cases that there was a gradual dental relapse over a period of time which was confined to the area of the cleft, affecting the teeth adjacent to the cleft. In all these cases successful iliac crest bone grafts had been performed. The observed relapse appeared to continue to deteriorate until the late stages of facial growth. Timing of bone grafting should ideally coincide with the eruption of the maxillary canine to ensure stability. No studies have been conducted on understanding the physiology of the eruption of teeth through the bone grafts (autogenic/alloplastic).
Further longitudinal and cross sectional studies is required, using appropriate yardsticks (eg. Goslon Yardstick), and this research should include cleft centres.
concLUsIon
The vertical relapse, in spite of good retention appliance wear, is possibly due to the failure of eruption of the teeth in the cleft area and may point to the need for an extensive revision in the retention appliance protocol to prevent an open bite vertical relapse. One or two re-treatment phases with fixed appliances are possibly required and patients should be so informed.
The failure of eruption of teeth in the grafted cleft area of the maxilla in the growing patients is a common observation in our cleft clinic. In view of this we have added a new retention protocol. In addition to the post orthodontic removable retainer a fixed bonded retainer is placed on all teeth adjacent to the cleft (the bonded retainer should be placed from one non-cleft area across the cleft to the other non-cleft area, incorporating two or three teeth on either side of the cleft). This precaution, whilst achieving some control, has not been observed to completely control vertical relapse. Further research is required to overcome the vexing question of achieving and maintaining vertical stability.
